O@ectives: To examine the relation between use of biomass cooking fuels (wood or dung) and prevalence of active tuberculosis in India.
Air pollution is commonly perceived as an urban problem associated with motor vehicles and industries. However, in developing countries, air pollution tends to be highest indoors, where biomass fuels, such as wood, animal dung, crop residues, and grasses, are burned by many households for cooking and space heating. 1 Biomass fuels are at the high end of the fuel ladder in terms of pollution emissions, and at the low end in terms of combustion efficiency.' Biomass smoke contains many noxious components, including respirable suspended particulates, carbon monoxide, nitrogen oxides, formaldehyde, and polyaromatic hydrocarbons, such as benzo [a] pyrene. High exposures to these air pollutants can cause serious health problems.3-5 It has been estimated, for example, that indoor air pollution in developing countries accounts for 2.2 to 2.5 million deaths annually. 6 According to India's 1992-93 National Family Health Survey (NFHS), about three-quarters of households use unprocessed biomass as their primary fuel for cooking food. Among households that use biomass fuels, more than 90% report using wood or animal dung as their primary cooking fuel.' Cooking areas in many Indian households tend to be poorly ventilated, and about one-half of all households do not have a separate kitchen.' To a considerable extent, life revolves around the cooking area, and women spend much of their time there. Cooking stoves in most households are simple-often just a pit, a chulha (a U-shaped construction made from mud), or three pieces of brick. Under these conditions, household members, especially women, tend to have high levels of exposure to cooking smoke. In developing countries, such as India, daily air pollution exposures from cooking with biomass typically exceed relevant health-based guidelines by factors of 20 or more. 2 Tuberculosis is a major health problem in India. According to a recent World Health Organization report on tuberculosis, India has the largest pool of people infected with Mycobacterium tuberculosis (tubercle bacillus) of any nation. 8 It is estimated that more than half of India's adult population are infected with the 119 tuberculosis bacterium.8 Typically, 5 to 10% of those infected eventually become ill with active tuberculosis9 However, this percentage may be higher in the case of India, because of the ubiquity of the tuberculosis bacillus, high population density and poor socioeconomic and health conditions. Tuberculosis accounts for nearly 5% of the national burden of disease in India, higher than in any other major world region.'O Approximately 500,000 persons die from tuberculosis each year in India.* In recent years, the growth of drug-resistant tuberculosis and the rapid spread of human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome (AIDS) has contributed to the resurgence of tuberculosis in India and in other parts of the world.l'-l5
The NFHS recorded an overall active tuberculosis prevalence rate of 467 per 100,000 persons,' slightly higher than other estimates of the active (sputum-positive) disease rate in India, which mostly range between 400 and 450 per 100,000 persons. 14 Cooking smoke is a known risk factor for a number of respiratory diseases. For example, cooking smoke has been shown to increase the risk of acute respiratory infection, chronic obstructive lung disease, car pulmonale, and lung cancer.1h-28 However, the evidence of a causal relation between cooking smoke and tuberculosis is tenuous. A recent study of respiratory morbidity and mortality in one area of northern India noted a strong association between use of biomass fuels and pulmonary tuberculosis. 29 After controlling for age, this study observed a significantly higher risk of pulmonary tuberculosis among persons who used wood or cow dung cakes as cooking fuels in their homes. However, this study did not control for socioeconomic factors that might confound the relation between use of biomass fuels and tuberculosis. There is related evidence that smoke from cigarettes, which are also a form of biomass, is a risk factor for pulmonary tuberculosis, and that cigarette smoking renders the treatment of tuberculosis less effective.30-35 Moreover, there is some evidence that passive cigarette smoke increases the risk of pulmonary tuberculosis in children. 36 Outdoor air pollution also has been shown to be correlated with tuberculosis. For example, a study in Shenyang, China, found that the prevalence of tuberculosis was about five times greater in high-pollution areas than in low-pollution areas after controlling for age, cigarette smoking, and indoor air pollution3'
The mechanism by which cooking smoke can increase the risk of tuberculosis is not well understood. It is plausible that cooking smoke increases the risk of tuberculosis by compromising the respiratory system's ability to resist infection by &I. tuberculosis or to resist development of active tuberculosis in already infected persons. Cooking smoke has been shown to compromise important pulmonary immune defense mechanisms in animals.38*39 Tobacco smoke also has been shown to cause depressed immune system responses. 4o-43 One review of existing evidence of effects of tobacco smoke on immune suppression in both animals and humans concluded that "Smoking-related changes in the peripheral immune system of humans have included elevated WBC counts, increased cytotoxic/suppressor and decreased inducer/helper T-cell numbers, slightly suppressed T-lymphocyte activity, significantly decreased natural killer cell activity, lowered circulating immunoglobulin titers, except for IgE which is elevated, and increased susceptibility to infection."** Some studies have associated air pollution and other environmental factors with impaired pulmonary defense mechanisms and increased susceptibility to infection and disease. [45] [46] [47] Of particular relevance is evidence that exposure to polycyclic aromatic hydrocarbons (PAH), especially benzo [a] pyrene (B [a] P), can cause immune suppression in both animals and humans. [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] pyrene is a known carcinogen that is found in large quantities in biomass smoke, along with several other polyaromatic hydrocarbons. A study based on B[a]P concentrations in cooking smoke from biomass fuels concluded that women in developing countries, such as India, who rely primarily on biomass fuels for cooking food, are on average exposed to the B[a]P equivalent of smoking several packs of cigarettes per day2
It should also be noted that treatments of chronic respiratory diseases brought on by cooking smoke often include immunosuppressive drugs, such as corticosteroids, which may predispose to reactivation of tuberculosis5* In summary, previous studies have not presented much direct evidence that cooking smoke increases the risk of tuberculosis. However, cigarette smoke, which tends to produce higher exposures to pollutants than does cooking smoke (depending, of course, on how much the person smokes), has been shown to increase the risk of tuberculosis. Passive cigarette smoke and outdoor air pollution, which tend to produce lower exposures to pollutants than cooking smoke, have also been linked to increased risk of tuberculosis. Moreover, both cooking smoke and cigarette smoke and some air pollutants, such as B[a]P which are commonly found in cooking smoke from biomass combustion, have been shown to cause immune suppression in laboratory studies. To the extent that such immunosuppression occurs from exposure to cooking smoke, it may lead to greater susceptibility to infection and increased risk of progression to active tuberculosis in already infected persons. In countries, such as India, where a majority of people become infected with M tuberculosis in childhood, cooking smoke is likely to play a greater role in progression to disease.
This study examines the relation between biomass fuels for cooking and the prevalence of active tuberculosis among persons age 20 years and older in India, after statistically controlling for the effects of several potentially confounding variables. The analysis focuses on persons age 20 years and older because in India tuberculosis w (Years) Figure  1 . Prevalence of active tuberculosis by age in India, 1992-93.
prevalence rates are much higher among persons age 20 and older than among persons younger than 20 years ( Figure 1 ). Moreover, because the effects of cooking smoke on the risk of active tuberculosis are long-term and cumulative, these effects may be minimal in people younger than 20 years.
METHODS
India's National Family Health Survey, conducted during 1992-93, provided data for this study The NFHS collected socioeconomic, demographic, and health information from a nationally representative probability sample of 88,562 households, comprising 514,827 persons within those households. Details of the NFHS sampling design are found in the basic survey report.' For reasons already described, the analysis here is restricted to persons aged 20 years and older, who number 260,162 in the NFHS sample.
The NFHS asked several questions relating to the current health status of household members, including whether each member suffered from active tuberculosis. The question was (referring to the listing of persons in the household), "Does anyone listed suffer from tuberculosis?" The household head or other knowledgeable adult in the household reported for each household member. No effort was made to clinically test for the disease. In the analysis, the reported prevalence of active tuberculosis is the response variable, represented by a dummy variable with value 1 if a person suffers from active tuberculosis and 0 otherwise.
Cooking smoke, measured indirectly by type of cooking fuel, is the primary explanatory variable. The NFHS used a ninefold classification of cooking fuel: wood, dung, charcoal, coal/coke/lignite, kerosene, electricity, liquefied petroleum gas, biogas, and a residual category of other fuels. The question, "What type of fuel does your household mainly use for cooking?" was followed by the above list of fuels. In the analysis, these various cooking fuels were grouped into two categories: biomass fuels (wood or dung) and cleaner fuels (charcoal, coal/coke/lignite, kerosene, electricity, petroleum gas, or biogas). Persons living in households reporting the residual category of other fuels, used by only about 2% of the sample, are excluded from the analysis, owing to the mixed nature of fuels in that category. Type of cooking fuel is represented by a dummy variable with value 1 for biomass fuels and 0 for cleaner fuels.
The NFHS did not include a separate category for crop residues, which are known to be an important source of fuel for cooking in India.59 Evidently, most households using crop residues as their primary cooking fuel reported using wood, inasmuch as the proportion of households falling in the residual category of other fuels is only 2%.
Coal/coke/lignite can also be highly polluting, but they are classified here as cleaner fuels in terms of exposure to cooking smoke, because most smoke from these fuels is produced within the first few minutes after the fire is started. Moreover, in India, these fuels are usually burned on portable stoves that are often started in open areas and then, when the fire is burning more cleanly, brought indoors for cooking. Biomass fuels, on the other hand, are usually burned on nonportable stoves and require regular fuel-feeding, resulting in continuous release of considerable amounts of smoke. Coal/coke/ lignite account for 4% of cooking fuel use in this sample.
Because the effects of cooking smoke (from biomass fuels relative to cleaner fuels) on tuberculosis are likely to be confounded with the effects of other risk factors, it is necessary to statistically control, or adjust, for such factors. Control variables included in this study are: availability of a separate kitchen in the house, housing type (indicating quality of construction of roof, walls, and floor), indoor crowding (measured by number of persons per room in the household), age, gender, urban or rural residence, education, religion, caste or tribe, and geographic region. The rationale for including these variables as controls is discussed below.
Availability of a separate kitchen is included because it controls to some extent for exposure to cooking smoke and also for household economic status. It is important to control for household economic status because it is an indirect indicator of not only nutrition and health but also access to medical services that might prevent or cure active tuberculosis. The NFHS did not collect income data, so no direct measure of household income is available. Housing type is included because it is also correlated with household economic status and also may control to some extent for ventilation in the house. Housing type is dichotomized into rbachcha (made from mud, thatch, or other low-quality construction materials throughout) and pucca or semi-pucca (made from at least some high-quality construction materials, such as bricks, tiles, cement, or Journal of Infectious Diseases / Volume 3, Number 3, 1999 concrete). Average number of persons per room in the household controls for indoor crowding, which also may be correlated with exposure to cooking smoke as well as household economic status, unhygienic conditions, and exposure to infection.
Age is included because it has a large effect on the risk of tuberculosis and because intensity of exposure to cooking smoke may vary somewhat with age. (However, the correlation between use of biomass fuels and age is only .049 in these data: ,038 for urban and .016 for rural) Gender is included mainly because women do the cooking and, therefore, are exposed more intensely to cooking smoke than men are. Urban or rural residence is included because it is correlated with type of cooking fuel, household economic status, and access to and use of medical services that may prevent or cure tuberculosis. Education is included because it is also correlated with access to and use of medical services, as well as cooking fuel type and economic status. Religion and caste or tribe are included because they may capture cultural and life style differences that are correlated with type of cooking fuel, cooking practices, and intensity of exposure to cooking smoke. Geographic region is included to control for regional differences in climate, topography, and local customs that may be correlated with both tuberculosis and exposure to cooking smoke.
In the correlation matrix of predictor variables, all pairwise Pearson correlation coefficients are under 0.4, except for the correlation between fuel type and urban residence, which is 0.64. These values are low enough that multicolinearity is not a problem in the multivariate analysis that follows. In any case, the analysis also is done separately for urban and rural areas.
All of the variables are categoric and are represented by dummy variables. All variables except age, education, religion, and region are dichotomous. Age is grouped into six categories (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) (60) (61) (62) (63) (64) (65) (66) (67) (68) (69) , and 70 y or older) represented by five dummy variables, with 20 to 29 as the reference category. Education has three categories represented by two dummy variables: one for medium education (literate but less than high school) and one for high education (high school or more), with illiterate as the reference category. Religion also has three categories represented by two dummy variables: one for Hindu and one for "other religion" (including Christian, Sikh, Buddhist, Jain, and others), with Muslim as the reference category. Geographic region is represented by three dummy variables: one for north and northeast, one for central and eastern, and one for west, with south as the reference category (Table 1) .
Because the response variable tuberculosis is dichotomous, logistic regression was used to estimate the effects of cooking fuel type on tuberculosis with the 10 demographic and socioeconomic variables previously mentioned used as controls. Results are presented mostly in the form of odds ratios with 95% confidence intervals.
The estimation of confidence intervals and significance levels takes into account design effects due to clustering at the level of the primary sampling unit. The logistic regression models were estimated using the SVYLOGIT option in the STATA statistical software package.6o
In the NFHS, certain states and certain categories of households were oversampled. In all the analyses, weights are used to restore the representativeness of the sample.' RESULTS Table 1 contains a list of variables and their mean values in the sample of 260,162 persons aged 20 years and over. Mean values are presented separately for urban, rural, and total (i.e., urban and rural combined). The table shows that overall prevalence of active tuberculosis in the population aged 20 and over is 782 per 100,000 persons. Prevalence of tuberculosis is almost twice as high in rural areas as in urban areas. Biomass fuels are used for cooking by about three-quarters of the sample. By residence, the proportion using biomass fuels is almost three times higher in rural areas (93%) than in urban areas (32%). The means of the control variables relating to housing, education, and caste or tribe also differ considerably between urban and rural areas. Figure 2 shows unadjusted and adjusted effects of cooking fuel type on prevalence of tuberculosis. The unadjusted and adjusted prevalence rates shown in this figure are predicted values derived by logistic regression and multiple classification analysis, which is a method for transforming regression results into simple bivariate tables that can be depicted as bar graphs.61 The unadjusted prevalence rates are predicted from a logistic regression of tuberculosis (1 if suffering from active tuberculosis, 0 otherwise) on type of cooking fuel (1 if wood or dung, 0 otherwise). The adjusted prevalence rates are predicted from a logistic regression of tuberculosis on type of cooking fuel and the 10 control variables discussed earlier. In the calculation of adjusted prevalence rates, the control variables are held constant by setting them to their mean values in the underlying logistic regression. In the calculation of both unadjusted and adjusted prevalence rates, the value of the constant term in each underlying logistic regression is reset so that, with the predictor variable or variables set to their mean values, the prevalence rate predicted by the regression equals the observed prevalence rate. Figure 2 shows that the unadjusted prevalence rate of tuberculosis is substantially higher among persons living in households using biomass fuels (IO46 per 100,000 persons) than among persons living in households using cleaner cooking fuels (296 per 100,000 persons). Adjusting for the control variables reduces this difference to Person lives in a household that uses wood or animal dung as its primary cooking fuel 32.4
Effects of Cooking Fuel Type on Tuberculosis
*Mean values are based on the welghted sample; tmean values expressed per 100,000; *mean values expressed-per 100. §The reference category is kachcha. Kachcha houses are made from mud, thatch, or low-quality materials. Pucca houses are made from high-quality materials (such as bricks, tiles, cement, and concrete) throughout, including roof, walls, and floor. Semi-pucca houses are made from partly low-quality materials and partly highquality materials, Ficheduled castes (SC) and scheduled tribes (ST) are those castes and tribes identified by the government of India as socially and economically backward and in need of protection from social injustce and exploitation. #Actual sample size varies slightly for individual variables depending on the number of missing values. some extent. The adjusted tuberculosis prevalence rate is 969 (per 100,000) among those living in households using biomass fuels and 378 among those living in households using cleaner fuels. The difference in the adjusted prevalence rates of tuberculosis between biomass-fuel users and cleaner-fuel users is large and highly statistically significant (P < 0.0001). The unadjusted and adjusted effects of cooking fuel type depicted in Figure 2 also may be expressed as odds ratios as shown in Table 2 . The first line of this table shows that the unadjusted odds ratio for biomass fuels relative to cleaner fuels is 3.56 (95% CI = 2.82-4.50) and the adjusted odds ratio is 2.58 (95% CI = 1.98-3.37). The adjusted effect of biomass cooking fuels on prevalence of tuberculosis is similar in size to the effect of biomass fuels on tuberculosis observed in a recent study of an area of northern India.29 This study, which utilized clinical measures of active tuberculosis in a sample of 707 persons aged 15 to 60 years, recorded an age-adjusted odds ratio of 2.54 when comparing prevalence of tuberculosis among persons living in households using biomass fuels (wood or cow dung cakes) with prevalence of tuberculosis among persons using cleaner cooking fuels (gas, kerosene, or coal).
Effects of Control Variables on Tuberculosis
The effects of the control variables on prevalence of tuberculosis also are of interest. These effects are expressed as odds ratios in Table 2 , where the entries in the "Unadjusted" column are based on 11 separate logistic regressions, one for each predictor variable. Each such regression contains only one predictor variable. The entries in the "Adjusted" column are based on a single logistic regression that contains all 11 predictor variables, and the composition of the control variables changes with progression down the column, For a column entry corresponding to a particular predictor variable specified by a row label, the set of control variables consists of all the other predictor variables in the table.
With other variables controlled, persons living in households with a separate kitchen have a considerably lower risk of tuberculosis than persons living in households without a separate kitchen, as expected. Also as expected, persons living in higher quality housing C'#XLCCU or semi-pucca) have a somewhat lower risk of tuberculosis, but the effect is not statistically significant. Surprisingly, crowding within the house does not show any significant effect on the prevalence of tuberculosis. Older persons have considerably higher prevalence, as expected.
Despite higher exposures to cooking smoke, women have a much lower prevalence of tuberculosis than men. One likely reason is that in India men are more likely than women to come in contact with people who suffer from active tuberculosis. Another likely reason is that men tend to smoke and drink more than women. Although the inability to control for tobacco smoking and alcohol consumption may bias the effect of gender on prevalence of tuberculosis, it is unlikely to bias the effect of cooking smoke, because there is no reason to believe that tobacco smoking and alcohol consumption are significantly correlated with cooking fuel type in India.
With other variables controlled, urban residents have a higher prevalence of tuberculosis than rural residents. This effect, which is not statistically significant, is the reverse of what is found for unadjusted prevalence, which is considerably lower in urban areas. It may be that after cooking fuel type and other socioeconomic and demographic variables are controlled, the reversal in the direction of the effect of urban residence reflects higher levels of population density and higher levels of outdoor pollution in urban areas. As in the case of gender, the inability to control for tobacco smoking and alcohol consumption may bias the effect of urban or rural residence on prevalence of tuberculosis; but the direction of possible bias in the estimated effect of residence is not clear, because it is not known whether smoking and drinking are more prevalent in urban areas or rural areas.
More educated persons have a considerably lower prevalence of tuberculosis, as expected. Muslims have a higher prevalence of tuberculosis than either Hindus or persons in the residual category of other religions. A higher prevalence of tuberculosis among Muslims may occur because of poorer access to and use of medical services. Persons who belong to scheduled castes or scheduled tribes (groups that are officially recognized as underprivileged) have a somewhat higher prevalence of tuberculosis than persons who belong to other castes, this again may be attributable to poorer access to medical care. The difference is not statistically significant, however.
The prevalence of tuberculosis is highest in the north and northeast region, followed by the central and east region, the west region, and the south region. The regional differentials indicate a geographic gradient in the prevalence of tuberculosis that tends to fall from north to south. The north-south gradient may occur because of climatic differences.
Further Analysis of Gender Differences and Urban and Rural Differences in the Prevalence of Tuberculosis
Because women tend to do the cooking and are much more exposed than men to cooking smoke, and because urban and rural environments are so different and biomass fuel use so highly correlated with urban-rural residence, the above analysis was repeated separately for men and women and separately for urban areas and rural areas. Only adjusted effects are discussed. Figure 3 graphically depicts adjusted prevalence of tuberculosis by type of cooking fuel separately for men and women, with control values set to their mean values by gender. The methodology for estimating the adjusted prevalence levels in this figure is similar to that in Figure  2 . The adjusted effect of biomass fuels, relative to cleaner fuels, on the prevalence of tuberculosis is large and highly statistically significant for both men and women (P < 0.0001 in each case). The adjusted effect is considerably larger for women than for men. This is consistent with expectation, because women are more exposed than men to cooking smoke. However, given the relatively low status of women in India, tuberculosis may be less likely to be reported for women than for men, especially in households that use biomass fuels for cooking. For this reason, the gender differential in the effect of cooking smoke on prevalence of tuberculosis may be greater than indicated by the present analysis.
Only 3% of Indian women smoke tobacco.62 Therefore, tobacco smoking, about which the NFHS has no information, cannot be an important confounding factor when the analysis is done separately for women. Even in the case of men, tobacco smoking is probably not a confounding factor, because, as previously mentioned, it is unlikely to be correlated with exposure to cooking smoke. Table 3 provides additional detail on adjusted effects of the control variables on the prevalence of tuberculosis by gender, as measured by odds ratios. The effects of the control variables tend to be similar in men and women, except that age has a considerably larger effect among men than among women, for reasons that are unclear. Figure 4 graphically depicts adjusted prevalence of tuberculosis by type of cooking fuel separately for urban areas and rural areas, with control variables set to their mean values in their respective areas. The adjusted effect of biomass fuels relative to cleaner fuels on the prevalence of tuberculosis is large and highly statistically significant for both areas (P < 0.0001 in each case). The adjusted effect is somewhat larger in rural areas than in urban areas. The smaller effect in urban areas probably occurs mainly because of the better availability and quality of medical services for prevention and treatment of tuberculosis.
Adjusted effects of the control variables on the prevalence of tuberculosis by urban and rural residence are presented in Table 3 . The effects of the control variables tend to be similar in urban areas and rural areas, except that the effect of education is larger in urban areas.
Proportion of tiberculosis Prevalence Attributable to Cooking Smoke
It is also of interest to consider the proportion of tuberculosis prevalence in the population that is attributable to smoke from biomass fuels relative to cleaner fuels. The commonly used "population-attributable risk proportion" is defined in terms of incidence,63 but the data in this study pertain to prevalence; therefore,"population-attributable prevalence proportion" is defined as This measure can be interpreted as the proportionate reduction in prevalence of tuberculosis in the population that would occur if, hypothetically, everyone were to use cleaner fuels. Those using cleaner fuels are the unexposed group in the formula. If everyone uses cleaner fuels, the mean values of the other predictor variables in the unexposed group must be the same as the mean values of the predictor variables in the total population. Therefore, adjusted values of prevalence, with control variables set to their mean values in the total population, must be used to estimate "prevalence in unexposed group" in the formula. Logistic regression is used again to estimate these adjusted values. When the calculation of population-attributable prevalence proportion is done Table 1 . Odds ratios are estimated by logistic regression. Confidence intervals take design effects due to clustering into account. For any given predictor variable, the set of control variables consists of all the other predictor variables in the table. Models are based on the weighted sample separately for urban areas and rural areas, "total population" in the formula then refers to "total urban population" or "total rural population."
Applying this formula, 5 1% of the prevalence of active tuberculosis among persons aged 20 years and older is attributable to cooking smoke from biomass fuels. This proportion is 23% in urban areas and 59% in rural areas. The proportion is higher in rural areas not only because the effect of biomass fuels on tuberculosis is higher in rural areas, but also because the proportion of households using biomass fuels is higher in rural areas.
CONCLUSIONS
Results from this study strongly suggest that exposure to cooking smoke (from biomass fuels compared with cleaner fuels) substantially increases the risk of active tuberculosis among persons aged 20 years and older in India. This is true even when the effects of a number of potentially confounding variables are statistically controlled by holding them constant. The adjusted effect of cooking fuel type on the prevalence of tuberculosis is large (OR = 2.58) and highly statistically significant (P c: 0.0001). The adjusted effects of cooking fuel type on prevalence of tuberculosis also are large and highly statistically significant when the analysis is done separately for men (OR = 2.46) and women (OR = 2.74) and separately for urban areas (OR = 2.29) and rural areas (OR = 2.65).
The true effects of cooking smoke on tuberculosis may be stronger than estimated, for the following reasons: (1) Households in India typically use a combination of cooking fuels, whereas these data include information only on the primary cooking fuel. The estimated effects are attenuated to the extent that a mix of biomass fuels and cleaner fuels is actually used by many households instead of biomass fuels alone. (2) Information is lacking about the history of fuel use in the household, which is important, because the effects of cooking smoke on the risk of tuberculosis are likely to be cumulative over time. This implies that previous shifts from biomass fuels to cleaner fuels tend to bias downwardly estimates of effects. Estimated effects of cooking smoke from biomass fuels on tuberculosis would also be larger had the effects of biomass fuels relative to a very clean fuel, such as electricity, instead of a residual category of other fuels that includes charcoal, coal/coke/lignite, kerosene, petroleum gas, and bio-gas as well as electricity, been measured. (3) There is a possibility of underreporting of tuberculosis in the NFHS due to the stigma attached to the disease,' and in some cases, because of the lack of awareness that one has the disease. Underreporting due to lack of awareness may be greater among persons living in households using biomass fuels, as well as among women, because of their low status relative to men. This differential underreporting, to the extent that it occurs, would contribute to underestimation of the effect of cooking smoke on the prevalence of tuberculosis and to underestimation of the gender differential in the effect of cooking smoke on prevalence of tuberculosis.
There are several factors that could affect the validity of the conclusions in this study. Fuel type is not an ideal measure of exposure to smoke. Reports of tuberculosis by household heads or other household informants are not as accurate as clinical measures of active tuberculosis, although the estimates of prevalence of active tuberculosis are close to other prevalence estimates for India,'* and although the one study, conducted in a small area of northern India, that did use clinical measures of active tuberculosis obtained an estimate of the effect of biomass cooking fuels on tuberculosis that is close to the estimate reached in this study. 29 Moreover, extent of use of medical services in connection with tuberculosis could not be controlled directly, because the NFHS did not collect any information on this subject; however, the set of control variables includes several measures of socioeconomic status, which correlate with access to and use of medical services. The NFHS also did not collect any data on nutritional status of respondents or data on such behaviors as tobacco smoking, alcohol consumption, and exposure to hazardous conditions at work, which might account for some of the variation in prevalence of tuberculosis. Moreover, the NFHS did not cover institutionalized persons, and it contains no information on persons who have been treated and cured of tuberculosis. If such persons are disproportionately from households that use cleaner fuels, their omission from the data would produce an upward bias in the estimated effects of cooking smoke on tuberculosis in the present study.
The socioeconomic variables included as controls in the models are likely to capture much, but not all, of the effects of these missing variables on tuberculosis. Moreover, tobacco smoking and alcohol consumption are confounders only to the extent that they are correlated with cooking fuel type, and this correlation is probably small. Nevertheless, in future health surveys consideration should be given to including additional questions on these variables. Case-control studies using epidemiologic methods and clinical measures of tuberculosis would be especially useful for untangling the effects of the various risk factors for tuberculosis, although cross-sectional surveys, such as the NFHS are also useful because they typically cover much larger and more representative populations at a considerably lower cost per respondent. Further research based on better measures of smoke exposure and clinical measures of tuberculosis is needed to further substantiate the findings of this study. Such research is all the more important in view of the resurgence of tuberculosis and its association with the rapid spread of HIV and AIDS in India.
The findings of this study suggest that the prevalence of tuberculosis in India, and probably in many other developing countries as well, could be reduced substantially by lowering exposure to cooking smoke from biomass fuels. Perhaps the most obvious long-run policy implication is that the government should promote a shift from biomass fuels to cleaner fuels, which would also have significant health benefits from reduced ophthalmic, respiratory, cardiovascular, and perinatal problems. In the short-run, however, such a shift may not be feasible for the large proportion of households who cannot afford more expensive cleaner fuels. Moreover, given current infrastructure and fuel availability, neither the Indian government nor the private sector is in a position to provide all households with cleaner fuels. A more feasible policy for the near future would be for the government to increase its efforts to educate the public about the adverse health effects of cooking smoke and to accelerate its improved cookstove program by making available inexpensive biomass-burning stoves that are fuel-efficient, less smoky, and equipped with flues or hoods designed to prevent the release of pollutants directly into the kitchen and other parts of the dwelling. For such programs to be effective, local needs and community participation should be given high priority. The government also should continue to strengthen its tuberculosis prevention and treatment programs.
